Abstract-We demonstrate novel optical signal processing functions based on self-induced nonlinear polarization rotation in a semiconductor optical amplifier (SOA). Numerical and experimental results are presented, which demonstrate that a nonlinear polarization switch can be employed to achieve all-optical logic. We demonstrate an all-optical header processing system, an all-optical seed pulse generator for packet synchronization, and an all-optical arbiter that can be employed for optical buffering at a bit rate of 10 Gb/s. Experimental results indicate that optical signal processing functions based on self-polarization rotation have a higher extinction ratio and a lower power operation compared with similar functions based on self-phase modulation.
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I. INTRODUCTION
S ELF-INDUCED effects in nonlinear optical mediums can be employed to realize all-optical signal processing functions. These effects occur when an optical signal introduces a change in a nonlinear medium through which the signal propagates while the medium reacts back on the signal itself. Semiconductor optical amplifiers (SOAs) have been employed as a nonlinear element in all-optical logic gates. An example of a self-induced optical effect in an SOA is self-phase modulation. This effect has been employed to realize optical header processing [1] - [3] , optical threshold functions [4] , [5] , optical self-synchronization [6] - [9] , and optical clock recovery [10] . Most of these optical signal processing functions have been realized by employing self-induced optical effects in combination with an interferometer.
Recently, considerable attention has been paid to optical signal processing based on nonlinear polarization switches (NPSs) [11] , [12] . Examples include wavelength conversion [13] and all-optical flip-flop memories [14] . A model for a nonlinear polarization rotation switch has been presented in [15] . The examples mentioned previously are based on nonlinear polarization rotation in an SOA in which the polarization state of a probe pulse is controlled by external (saturating) pump light. We believe that up until now, no results are published in which the NPS is driven by self-induced effects.
In this paper, we investigate self-induced polarization rotation (SPR) in an SOA in the context of all-optical signal processing. We will show that the polarization-dependent gain saturation model presented in [15] can be applied to describe SPR in an SOA. In the case of SPR, the role of the saturating control beam is taken over by the data bits themselves. We will also show that SPR in an SOA in combination with a NPS can be employed for all-optical signal processing. In order to illustrate the potential of this concept for telecommunication technology, we present an all-optical header processor, an all-optical seed-pulse generator, and an optical arbiter based on SPR.
The paper is organized as follows. In Section II, we demonstrate SPR in an SOA and a NPS based on SPR. In Section III, applications of all-optical signal processing based on SPR are presented. We demonstrate an all-optical header processing system, an optical seed-pulse generator for packet synchronization and an all-optical arbiter that could be employed in a packet buffer at a data rate of 10 Gb/s. The paper is concluded with a discussion.
II. SELF-POLARIZATION ROTATION
The general configuration of a NPS is depicted in the dashed box in Fig. 1 . In [15] , a model for nonlinear polarization rotation driven by polarization-dependent gain saturation in an SOA is presented. In brief, the polarization switch operates in a similar fashion to a Mach-Zehnder interferometer (MZI) switch, but the role of the different arms is taken over by the transverse electric (TE) and transverse magnetic (TM) modes of the incoming light. The modes propagate independently through the SOA, but they have indirect interaction via the carriers. In the model presented in [15] , the TE and TM modes couple to two 0733-8724/04$20.00 © 2004 IEEE different reservoirs of holes. Thus, if the SOA is saturated by an optical control signal, the gain saturation of the TE mode differs from the gain saturation of the TM mode [15] . Hence, the refractive index change of the TE mode also differs from the refractive index change of the TM mode. If a small probe signal with well-defined polarization is simultaneously injected into the SOA with a saturating pump signal, a phase difference between the modes builds up as the light propagates through the SOA. When the two modes recombine at the polarization beam splitter (PBS), the phase difference determines to which of the output ports of the PBS the signal is switched [15] . We use in our experiments a commercially available strained-bulk SOA (produced by JDS-Uniphase). This device is similar to the one that is used in [15] , and thus the modeling results presented in that reference can be used to describe the system applications that follow. In [15] , the presence of tensile strain in the SOA was modeled by using a population imbalance factor that has to be determined from characterization measurements. The model presented in [15] can also be used to model nonlinear polarization rotation in unstrained SOAs by putting . In the latter case, the nonlinear polarization rotation is described by the different confinement factors of the TE and TM modes, and thus for , the model in [15] is equivalent to that presented in [16] .
In the case of SPR, the phase difference between the TE and TM modes is created by the signal itself. When an optical bit with sufficient optical power arrives at the SOA, the leading edge of the bit introduces gain saturation in the SOA. Since the SOA gain saturation is polarization dependent, the TE component of the data bit experiences different gain saturation than the TM component. Thus, the leading edge of a data bit can introduce a rotation of the polarization state.
In the following experiment, we demonstrate that an optical switch can be driven by SPR. The experimental setup that is used to demonstrate the SPR concepts is given in Fig. 1 . The laser source emits continuous-wave (CW) light at a wavelength of 1550.91 nm that is injected into the polarization switch via an optical attenuator. The polarization switch consists of an SOA, two polarization controllers (PCs), and a PBS. At the PBS, both modes recombine.
is used to adjust the polarization of the input signal with respect to the SOA layers (the angle between the TE and TM modes is approximately 45 [14] ).
is used to adjust the polarization of the SOA output with respect to the orientation of the PBS. As an initial experiment, to characterize the population imbalance factor , we measure the output power at output port 2 as a function of the pump current. The attenuator was set in such a way that the power of the CW light that enters the SOA via was equal to 20 dBm. This guarantees that the CW light does not saturate the SOA.
was set in such a way that no light outputs at port 2. The solid line in Fig. 2 shows the power at output port 2 as a function of the SOA pump current. It can be observed that the power of output port 2 increases as the pump current increases. The population imbalance factor can be determined as a function of the SOA injection current from the curve presented Fig. 2 by following a similar approach as used in [15] . We find that varies in a range of 0.5 and 0.6 if the SOA injection current varies between 70 mA and 390 mA. All the other parameters that are used in modeling results throughout this paper are listed in Table I . The dashed curve in Fig. 2 shows the computed output power as a function of the injection current. This curve is computed by using the model of [15] . It can be observed that the simulations are in excellent agreement with the measurements.
In the second experiment, we measure the static behavior of the polarization switch as a function of the power of the input light. In this case, the SOA current is set to 170 mA, and was set in such a way that the light is suppressed at output port 2 for low optical input power. The optical power at output port 2 has been measured as a function of the power of the input light. The result is shown by the solid line in Fig. 3 , from which it can be observed that the output power at port 2 increases as a function of the input power. The shape of the curve in Fig. 3 matches with the theoretical model of [15] which predicts that the relationship between the output power at port 2 and the polarization angle is proportional to . The dashed line in Fig. 3 represents a simulation result for the output power of the NPS using the model of [15] . In the simulations, is set to 0.52, and moreover, the optical input power used in the computations has been increased by 4.6 dB to compensate for the insertion losses (1.3 dB for each , and 3.3 dB for the facet losses, including the connector losses). It is clearly visible in Fig. 3 that the modeling results are in excellent agreement with the measured data. In Fig. 4 , the computed gain for the TE and TM modes is presented. It can be observed that the difference between the TE gain (solid line) and the TM gain (dashed line) decreases when the input power increases. The gain difference introduces a phase difference between the modes that results in a rotation of the polarization angle [15] . Since the output power at port 2 changes as a function of the polarization angle according to , for small , the transfer function can be approximated by . This indicates that a linear change in the input power leads to a quadratic change in the polarization rotation and thus a large variation in the output power. We measured a static contrast ratio larger than 18 dB between the output light in the case that (intensity of the input light was 0.63 mW) and the output light in the case that has been changed by increasing the intensity of the input light of 3 dB with respect to the case that (see also the inset of Fig. 3 ). In addition, the dynamic contrast ratio has been measured for a nonreturn-to-zero (NRZ) data signal at a bit rate of 2.5 Gb/s. The experimental setup is shown in Fig. 5 . In Fig. 6 These results provide evidence that a NPS can be driven by SPR in an SOA and also that the model presented in [15] can explain SPR in an SOA. In the next section, we will demonstrate applications of all-optical signal processing functionalities based on NPS, which can be applied in all-optical packetswitched cross-connects.
III. APPLICATIONS TO ALL-OPTICAL LOGIC
An optical packet-switched cross-connect that uses all-optical signal processing to route data packets is presented in [17] . This paper illustrates that three main functions have to be realized in order to achieve all-optical packet switching: all-optical synchronization, all-optical buffering, and all-optical packet switching.
In the following sections, we present all-optical signal processing functions based on SPR that can be employed for all-optical header processing. We also present an all-optical seed-pulse generator for packet synchronization, and finally, we present an all-optical arbiter that can be employed for packet buffering.
A. All-Optical Header Processor Based on SPR
An all-optical correlator is a fundamental building block to realize all-optical header recognition [1] - [3] , [17] . We present an optical correlator based on the NPS that is discussed in the previous section. We also present an application of this optical correlator for all-optical header recognition.
The optical correlator is presented schematically in the dashed box of Fig. 7 . The optical power of the data signal is split by a coupler into one data signal that enters the SOA on the right side (to be called henceforth the left propagating data signal) and one data signal that enters the SOA (via the optical circulator) on the left side (to be called henceforth the right propagating data signal). The right propagating data signal is first delayed by a time and then fed into the SOA of the optical correlator via an optical circulator.
is set to switch the light to the output port 1, only if the left propagating data signal passes through the SOA. When the right propagating data signal also enters the SOA, one can distinguish two cases. In the first case, the optical power of the right propagating data signal is not sufficient to saturate the SOA. As a result, the left propagating data signal experiences no polarization rotation. Thus, the left propagating data signal is switched to output port 1. In the second case, the optical power of the right propagating data signal is sufficient to saturate the SOA. In this case a correlation between the left propagating and the delayed right propagating data signal is formed since the left propagating data signal experiences a saturated SOA and thus polarization rotation. As a result, the left propagating data signal is switched to output port 2. Moreover, the time window in which pulse correlation can take place is , where is the time that the SOA needs to recover from the saturation state.
The optical correlator can function as an all-optical header processor as follows. The output port 2 represents the output of the header processor. Suppose that the header addresses consist of two header pulses and that the displacement (in time) between two header pulses is (see packet format in Fig. 7) . A header correlation pulse is formed at the output port 2 if , since the second left propagating header pulse experiences a saturated SOA introduced by the first right propagating header pulse, while no header correlation pulse is formed at the output port 2 if or since in this case, all pulses propagate through an unsaturated SOA [2] .
The header processing system is schematically presented in Fig. 7 . It consists of a header preprocessor (HPP) [3] followed by the header processor discussed previously. The optical packet format is also presented in Fig. 7 . The header section consists of two header pulses that are separated by a sequence of alternating NRZ "0" and "1" bits at the same bit rate as the data payload, with the exception of a sequence of "0"s with duration longer than the recovery time of the SOA which is placed in front of the second header pulse. The position of the second header pulse within the header section is used to define a unique header pattern. Moreover, the space between the second header pulse and the payload is also filled with the sequence of alternating NRZ "0" and "1" bits. The sequence of alternating NRZ "0" and "1" bits is used to keep the SOA in saturation when the packet passes through the SOA, while the sequence of "0"s gives time to the SOA to recover before the second header pulse passes through the SOA. The payload was Manchester encoded to avoid repetition of the header pattern in the packet payload. Manchester encoding also guarantees that the average signal power of the payload is constant, regardless of the specific bit pattern.
As an example, we assume packets with only two different header patterns. The first packet has a header section consisting of a hexadecimal "FAAAAAA00FA" pattern (Header 1). For this header pattern, the time between the header pulses is [see Fig. 8(a) ]. The second packet has a header section consisting of a hexadecimal "FAAAAAAA00F" pattern (Header 2) corresponding to a time . First, the packets are preprocessed by an HPP that separates the two header pulses from the packet payload. The operation of the HPP based on self-phase modulation (SPM) in an SOA is described in [3] . The output signal of the HPP consists of the leading edges of the two NRZ header pulses while the rest of the packet is suppressed [see Fig. 8(b) ]. The output of the HPP is fed into the optical-correlator-based header processor. We choose the delay in such a way that and . Thus, only a correlation pulse is formed at output port 2 for packets with Header 1 (since ). No correlation pulse is formed at the output port 2 for packets with Header 2 since . The concepts described previously were demonstrated by using the experimental setup shown in Fig. 7 . The laser source had a wavelength of 1558.34 nm and was modulated by a 10-Gb/s Mach-Zehnder modulator (MZM), which was driven by a pulse-pattern generator. The packet format is shown in Fig. 7 . The packets had a header section that consists of two NRZ header pulses at a bit rate of effectively 2.5 Gb/s. The header pulses are separated by a sequence of alternating NRZ "0" and "1" bits at the same bit rate of the packet payload. The duration of the sequence of "0"s that were placed in front of the second header pulse was to 0.8 ns. The payload section consisted of a Manchester-encoded pseudorandom bit sequence (PRBS) data at a bit rate of 10 Gb/s. The SOA in the HPP was pumped with 204 mA of current. The fiber Bragg grating (FBG) employed had a reflectivity of 99.9% at 1558.93 nm with a bandwidth equal to 0.43 nm.
The optical packets used in the experiment consisted of sequential optical packets with Header 1 and Header 2 as shown in Fig. 8(a) . The time between the leading edges of the two header pulses was equal to 3.8 ns and 4.8 ns for the Header 1 and Header 2, respectively. The average optical power of the packets at the input of the HPP was 4 dBm. The oscilloscope trace of the signal at the output of the HPP is presented in Fig. 8(b) . It is clearly visible in Fig. 8(b) that the HPP generates a pulse at the leading edges of the header bits. The average payload suppression is 11.4 dB. The output of the HPP is then amplified by an erbium-doped fiber amplifier (EDFA), filtered by a 2-nm bandpass filter and fed into the header processor (see Fig. 7 ). The average optical power of the left and right propagating signals was 8 and 2.35 dBm, respectively (before the optical circulator). The SOA in the header processor was pumped with 178 mA of current. The PBS has an extinction ratio of 30 dB. The delay was 3.8 ns that matches the time between the leading edges of pulses in Header 1. Thus, we expect a correlation pulse only for optical packets with Header 1. This is confirmed in Fig. 8(c) , where only for packets with Header 1 a correlation pulse is formed. The contrast ratio between the average optical power of the header correlation pulse and the suppressed payload is equal to 18.6 dB. This is an improvement of 4.4 dB compared with the results presented in [1] , [2] , [17] .
The experimental results indicate that the header processing system can distinguish between two different header patterns. A limitation of this approach is that that a packet header only contains two bits of information. The length of the packet header can be extended by creating larger packet headers that are built up out of combinations of two bits (in a similar fashion as in [2] ). The minimum interval between different header bits is de- termined by the SOA recovery time ( 1 ns). This means that the duration of the packet is proportional with the number of header bits times the SOA recovery time. It should be noted, however, that the SOA recovery time can be decreased to 60 ps [18] . This means that the length of header patterns can be reduced with more than a factor 10.
B. All-Optical Header Preprocessor Based on SPR
We will show that the NPS of Fig. 5 can also be used as a header preprocessor. In this case, we set in such a way that the unsaturated input data packets are switched to port 2.
When a data pulse enters the NPS, the leading edge will saturate the SOA. In Section II, it is explained that the SOA gain saturation is polarization dependent, and hence, rotation of the polarization angle takes place. This ensures that only the leading edge of a data pulse is switched to output port 2 (for the leading edge the SOA is not yet saturated), while the rest of the bit leaves the NPS at port 1 (since the SOA is saturated and the polarization angle of the light is changed).
When a packet with a header as described in the previous subsection enters the header preprocessor, the leading edges of both header pulses are routed to port 2. The packet payload and the remainder of the header pulse are switched to port 1.
Assume that the optical packets have a packet format as shown in Fig. 7 . The sequence of NRZ "0"s placed in front of the NRZ header pulse is longer than the gain recovery time of the SOA. The transitions of the Manchester-encoded data payload and the alternating "1" and "0" bits in the header section are faster than the gain recovery time of the SOA. This packet format guarantees that when the optical packet enters the header preprocessor, only the leading edges of the two NRZ header pulses experience full gain, while the rest of the packet experiences the SOA in saturation. Thus, the leading edges of the two header pulses are switched to output port 2, and the rest of the packet is switched to output port 1.
The experimental setup used to demonstrate the header preprocessor is shown in Fig. 5 . The laser source had a wavelength of 1550.91 nm and was modulated by a 10-Gb/s MZM, which was driven by a pulse-pattern generator. The packets employed in the experiments are shown in Fig. 9(a) . The SOA was pumped with 141.5 mA of current. The average optical power of the packets measured before the SOA was 0.2 dBm. The measured output signals at output port 1 and output port 2 are shown in Fig. 9(b) and (c). Output port 2 represents the output of the header preprocessor. The extinction ratio between the header pulses and the suppressed payload is larger than 15 dBm, which is an improvement of circa 4 dB with respect to the HPP presented in [3] . In addition, output port 1 provides an amplified copy of the input packets. Moreover, the header preprocessor operates at much lower power compared with the HPP presented in [3] .
In conclusion, we have demonstrated an alternative header preprocessor based on an NPS that can operate at a bit rate of 10 Gb/s. Higher operation speed is possible by decreasing the recovery time of the SOA [18] . This header preprocessor presents several advantages over HPP: lower power operation, higher extinction ratio, and an extra output port that provides an amplified copy of the packet.
C. All-Optical Seed-Pulse Generator Based on SPR
An optical packet-switched cross-connect requires bit-level synchronization and phase alignment for each packet in order to perform signal processing and routing [7] . Self-synchronization is one of the methods employed to achieve bit-level synchronization [7] - [9] . In general, a self-synchronization method requires a seed-pulse synchronized at the beginning of the packet. The pulse can be used to generate a local clock for packet synchronization [6] - [9] , [20] . An advantage of the self-synchronization approach is that it is insensitive to timing jitter between packets or network architecture [19] .
We present an all-optical seed-pulse generator based on the NPS described in the previous section. The optical seed-pulse generator is schematically shown in Fig. 10 . It consists of an asymmetric passive MZI followed by the NPS. The format of the packets that are used is shown in Fig. 7 . The role of the MZI is to merge the packet with a delayed copy of itself. It is essential that the delay is shorter than the interval between the header bits. As a result, at the MZI output, the specific packet structure is lost. When the MZI output enters the NPS, only the leading edge of the first NRZ header pulse experiences the unsaturated gain of the SOA, while the remainder of the data packet experiences a saturated gain. Thus, only the leading edge of the first NRZ header pulse is switched to output port 2, while the remainder of the data packet is switched to output port 1. The pulse switched to output port 2 is synchronized with the beginning of the packet, and this represents the seed pulse.
The experimental setup used to demonstrate the optical seedpulse generator is shown in Fig. 10 . The laser source had a wavelength of 1550.91 nm and was modulated by a 10-Gb/s MZM, which was driven by a pulse-pattern generator. The input packets employed in the experiments are shown in Fig. 11(a) . The asymmetry between the two arms of the MZI was measured to be 1 ns. The SOA was pumped with 142.5 mA of current. The average optical power of the packets measured before the MZI was 1.5 dBm.
In the first experiment, we demonstrate that the optical seedpulse generator forms a seed pulse synchronized with the beginning of the packet. The output of the optical seed-pulse generator is shown in Fig. 11(b) . The seed pulses, synchronized with the beginning of the packets, are clearly visible. The extinction ratio between the seed pulse and the suppressed packet is larger than 15 dB.
In the second experiment, we show that the optical seed-pulse generator can still extract timing information, even when the input data packet has an extinction ratio of 5 dB. This confirms that the optical seed-pulse generator can be employed as a first stage to generate a local clock for synchronization purposes. The optical input packet is shown in Fig. 12(a) . The output of the optical seed-pulse generator is presented in Fig. 12(b) . The seed pulses synchronized with the beginning of the packets are clearly visible in Fig. 12(b) . The measured extinction ratio between the average power of the seed pulse and the suppressed payload is over 10 dB. However, since we set in such a way that the input data are switched to port 2, the power of the guard time between the packets also leaves port 2. This leads to a reduction of the extinction ratio with 5 dB. The extinction ratio can be increased by cascading another NPS or an optical threshold function similar to that presented in [1] , [5] after the optical seed-pulse generator.
D. All-Optical Arbiter Function
The header processing system demonstrated in Section III-A can only handle one packet at any given moment. Therefore, optical buffers are necessary to avoid packet contention. In [17] and [21] , an all-optical buffering concept is demonstrated based on a wavelength routing approach. The arbiter function was obtained by using an optical threshold function. The functionality of the optical threshold function is twofold: it acts as an arbiter to decide whether packet contention takes place, and it also controls a wavelength routing switch. The wavelength routing switch consists of a wavelength converter followed by a demultiplexer.
We present a novel all-optical arbiter function (OAF) based on an NPS that can indicate whether packet contention takes places. The OAF consists of a MZI and a NPS as schematically shown in Fig. 13 . The packet format is shown in Fig. 7 . We distinguish between a packet with low priority (packet 1) and a packet with high priority (packet 2). Packet 1 enters the NPS via the MZI, while packet 2 enters the NPS via the optical circulator (OC). We assume that the packets arrive synchronously at the NPS. If no contention takes place, only packet 1 enters the NPS. In that case the NPS acts as the self-synchronizer discussed before. Thus, a single output pulse corresponding to the leading edges of the NRZ header pulse is formed at output port 2. When packet contention takes place, packet 1 and packet 2 arrive simultaneously at the NPS. In this case packet 1 experiences a saturated SOA, introduced by packet 2 and thus the polarization angle of packet 1 is rotated. Hence, no output pulse is formed at output port 2. The OAF can be employed in a buffering system as follows [17] , [21] . The pulse at the output of the OAF (output port 2) can be used to set/reset a flip-flop memory [1] , [5] , [17] . The output of the flip-flop controls an optical wavelength routing switch.
The experimental set-up used to demonstrate the concept of the OAF is shown in Fig. 13 . The laser source had a wavelength of 1550.91 nm and was modulated by a 10 Gb/s Mach-Zehnder modulator, which was driven by a pulse-pattern generator. The packets employed in the experiment are shown in Fig. 14(a) . Two sequential optical packets were used in the experiments. Packet 1 contains a header pattern consisting of a hexadecimal "FAAAAAA00FA" bit pattern. Packet 2 contains a header pattern consisting of a hexadecimal "FAAAAAAA00F" bit pattern. Also visible in Fig. 14(a) is a third dummy packet that consists of a sequence of "0s" with a length equal to the other packets.
Since a single modulated source is employed in the experiment, an optical coupler has been used to create two sequences of packets to be used as different inputs of the OAF. One sequence of packets that enters the SOA (via the MZI) on the right side (left propagating sequence of packets) is shown in Fig. 14(a) . The other one sequence of packets that enters the SOA (via the optical circulator) on the left side (right propagating sequence of packets) is first delayed by as shown in Fig. 14(b) . The time delay was set equal to one packet duration. This ensures that alternating conditions of packet contention between Packet 1 and Packet 2 take place. The coupler ratio was chosen to compensate for the different propagation losses experienced by the left and right propagating sequences of packets. The average optical power of the left propagating sequence of packets that entered the NPS via the MZI was 1.5 dBm (measured before the MZI), while the average optical power of the right propagating sequence of packets that entered the NPS via the OC was 2.2 dBm (measured before the OC). The SOA was pumped with 126 mA of current.
The output of port 2 of the OAF is shown in Fig. 14(c) . It is clearly visible that when contention takes place, no optical pulse is formed at the output of the OAF. However, an optical pulse is formed at output port 2 when no contention takes place. The extinction ratio between the average optical power of the optical pulse and the suppressed packet is 14.3 dB, enough to drive the optical flip-flop memory [1] , [5] , [17] .
IV. CONCLUSIONS
We have demonstrated all-optical signal processing based on self-induced nonlinear polarization rotation in an SOA. Experimental and numerical results confirm that the mechanism behind the self-polarization rotation is the polarization dependent gain saturation as described in [15] . We have also demonstrated that a NPS based on SPR in a polarization switch interferometer can be used to achieve optical signal processing functions that are useful for all-optical packet switching. It should be remarked that an NPS can only be utilized if the polarization of the input signal is well-defined. In system applications, this could be realized by employing a polarization independent regenerator in front of the NPS.
We have realized all-optical header processing function at a bit rate of 10 Gb/s, which can distinguish between two different header patterns by employing nonlinear polarization rotation in an SOA. We believe that by properly designing the header processor and the header patterns, a large number of different header patterns can be recognized. The header processor based on SPR has an extinction ratio between the header correlation pulse and the suppressed payload of 18.6 dB, which is an improvement of 4.4 dB compared with results published in [1] , [2] , [17] .
We have also demonstrated an OAF at a bit rate of 10 Gb/s. The arbiter can be used in a buffering system in a similar way as that presented in [17] and [21] . The main difference between our arbiter and the one presented in [17] and [21] is that the output of the arbiter presented in [17] and [21] was a CW signal. In this approach, the output of the arbiter is an optical pulse that drives the wavelength routing switch via an optical flip-flop [1] , [5] , [17] .
We have also demonstrated a novel optical seed-pulse generator at a bit rate of 10 Gb/s that produces a seed pulse synchronized with the beginning of the data packet. The seed pulse can be used to generate a local clock for packet synchronization. Moreover, the operation of the optical seed-pulse generator does not require any particular marker [6] - [9] in the packet format that identifies the beginning of the packet; rather, it uses the packet format itself. The extinction ratio between the seed pulse and the suppressed packet was 15 dB. In addition, experimental results have shown that a seed pulse can be extracted even with an input signal extinction ratio of 5 dB, confirming that the optical seed pulse generator could be used as the first stage in an optical cross-connect node.
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